(E)-(1,2-2H2]ethene. The two sets of stereoisomers of [3,4- 2H2Jmethionine were chemically converted to S-adenosylhomocysteine, methylated to give the corresponding (±)-S-adenosyl-DL-methionines, and then incubated with 1-aminocyclopropane-l-carboxylate synthase partially purified from tomato (Lycopersicon esculentum, L.) pericarp tissue. The stereochemistry of the resulting samples of l-aminocyclopropane-lcarboxylic acid was determined by comparison with the 1H NMR of the chemically synthesized and regio-and stereospecifically deuterated compound. The results indicate that the hydrogens at the (B carbon of the methionine portion of S-adenosylmethionine do not participate in the reaction and that the ring closure occurs with inversion of configuration at the y carbon of the methionine portion of S-adenosylmethionine, probably through a direct SN2-type displacement of the 5'-methylthio-5'-deoxyadenosine moiety by a carbanion equivalent formed at the a carbon of the methionine portion of S-adenosylmethionine.
Although the compound was first synthesized by Perkin in 1884 (1), it was not until 1957 that Burroughs (2) isolated the cyclopropanoid amino acid 1-aminocyclopropane-l-carboxylic acid (ACC) from cider apples and perry pears. In 1979, Adams and Yang (3) demonstrated that this cyclic amino acid was the key intermediate in the bioconversion of methionine to ethylene, an endogenous plant hormone responsible for fruit-ripening as well as a number of other regulative plant processes (4) . It was suggested that conversion of S-adenosyl-L-methionine (AdoMet), a biologically activated form of methionine (5) , to ACC was the ratelimiting reaction in the biosynthesis of ethylene (6) . The enzyme that catalyzes the cyclization, ACC synthase, was first isolated from tomato pericarp by Boller et al. (7) and was shown to require pyridoxal phosphate as cofactor (8) .
Enzymes that contain pyridoxal-P as the prosthetic group catalyze a variety of reactions at the a, /3, and y carbons of a-amino acids by one of several basic mechanisms (9) . With the exception of reactions occurring at the y carbon, the mechanism and stereochemistry of these enzyme reactions have been studied extensively (10) . Within the set of pyridoxal-P enzymes catalyzing reactions at the y carbon, ACC synthase seems to represent a unique subset. In the y-elimination reactions studied to date, the accepted mechanism is as follows: the loss of a t-carbon substituent is generally facilitated by tautomerization of the aldimine to the ketimine and subsequent formation of a ,3-carbanion that can assist in the elimination of the y-leaving group, thus forming a /3,y-unsaturated imine intermediate (11) . The presence of this vinylglycine-type intermediate is consistent with experimental evidence obtained from previously studied y-elimination reactions (12) (13) (14) in that one of the 8-hydrogens is stereospecifically exchanged. However, the conversion of this P3,y-unsaturated imine to ACC by ACC synthase (see Fig.   4 , mechanism A), if concerted, would violate Baldwin's rules, which disallow the concerted process of three-member-ring formation by addition of a carbanion to a double bond in an endo fashion (15) .
To gain insight into the mechanism of the reaction catalyzed by ACC synthase, we have initiated studies to probe the stereochemical events at the a, /3, and 'y carbons of the methionine portion of AdoMet during the cyclization process. The main stereochemical questions are (a) does replacement of the methine hydrogen of the a carbon by the new carbon bond proceed in an inversion or retention mode, (b) does the , carbon participate in the reaction mechanism and, if so, is the pro-R or pro-S hydrogen removed and does reprotonation of the 3, y-unsaturated imine occur on the re or si face of the cisoid or transoid form, and (c) does the displacement of the 5'-methylthio-5'-deoxyadenosine moiety at the 'y carbon proceed with inversion or retention? In this paper, we 
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The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" To this solution was added 5'-chloro-5'-deoxyadenosine (18) (189 mg, 0.66 mol) in portions, and the resulting mixture was stirred at -40'C for 6 hr. The NH3 was allowed to evaporate over 20-30 min with the last traces being removed under reduced pressure. The residue was dissolved in water (4 ml) and the aqueous solution was heated to reflux for 4 hr. The reaction mixture was adjusted to pH 6.5 with 1 M HCl and applied to a 90-ml column of Dowex 50X4-200 (NH' form).
The column was washed with water (150 ml), and then adsorbed material was eluted with 1 M NH40H; 2-ml fractions were collected. Fractions 22-30, containing the product, were pooled and lyophilized. The crude product was purified by column chromatography on silica gel (9.0 g, Kieselgel 60, 70-230 mesh), using elution with butanol/acetic acid/water ( The resulting slurry was centrifuged to remove silver iodide, and the acetic acid/formic acid solution was diluted with dry ether (20 ml (20) . A 40%-95% ammonium sulfate cut of the cleared homogenate was loaded onto a phenyl-Sepharose column (1.5 x 30 cm) in 12% ammonium sulfate. After elution from the column with 0.1 M NaCl, the enzyme was concentrated and stored at -80'C until used. A yield of 3000-6000 units (1 unit = 1 nmol of product formed per hour) of activity was routinely obtained, with a specific activity of 400-500 units/mg of protein.
Enzyme Incubation. trans-AdoMet (4 ,umol) and cisAdoMet (5 tkmol) were incubated at 30'C for 3-4 hr with 6000
and 3000 units of activity, respectively. Initial reaction mixtures contained 150 ,uM AdoMet, 5 tLM pyridoxal-P, 1
,uM dithiothreitol, and 10 mM potassium phosphate buffer (pH 8). The time course of the reaction was monitored by subjecting 30OII aliquots of the incubation mixture to the assay of Lizada and Yang (21) . The total yields of ACC were 3.5 ,umol for the trans isomer ( Fig. 1 ) ofAdoMet and 0.9 ,umol for the cis isomer. Isolation and Purification of ACC from the Incubation Mixtures. The enzyme incubation mixtures were separately freeze-dried and extracted three times with 50 ml of 80% ethanol. The extract was evaporated to dryness and then dissolved in 50% ethanol (0.5 ml), and the ethanolic solution was applied to a 20 x 20 cm analytical TLC plate (Analtech silica gel GF, 250 ,um). The plate was developed ascendingly with butanol/acetic acid/water (13:2:5), and the ACC band was scraped from the plate. ACC was extracted from the silica gel with ethanol, the ethanol was evaporated, and the ACC was dissolved in water. The sample was applied to a 5-ml Dowex 50X4-200 (NH') column, washed with water to remove traces of acetic acid, and eluted with 1 M NH40H. The fractions containing ninhydrin-positive material were pooled and freeze-dried to give ACC. Therefore only two isomers of the eight in each mixture will be transformed into ACC (i.e., those with the "S" configuration at both the sulfur center and a-amino acid center:~~~~~~~~_ (20) . Although the specific activity of the enzyme was quite low and each mixture contained several isomers of AdoMet that are known to be inhibitors (24) The 'H-NMR spectra of the enzymatic reaction mixtures are also shown in Fig. 2 . The ACC products are also racemic at the a position and thus the 1H-NMR spectra will be composites of both isomers. As can be seen by comparison with the spectra of the synthetic samples, the ACC obtained 
